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Introduction

The investigation of Ammonia Fiber Explosion (AFEX) pre-treatment on hybrid poplar for the
production of fuels and chemicals by fermentation (post enzymatic hydrolysis) is reviewed in the
following report. The current explanation of the effects of the AFEX treatment is as follows: The
lignocellulosic biomass fibers are soaked to saturation with a predetermined amount of liquid ammonia
under a pressure of about 180 psia to about 400 psia at temperatures between 30 and 90°C. Several
effects are taking place during this soaking phase. The ammonia absorbs onto the biomass and
decrystallizes the cellulose and helps to solubilize the hemicellulosic fraction of the biomass. The
absorption of ammonia and the decrystalization are taking place while ammonia is coming to equilibrium
throughout the biomass and total volume of the reactor. After a thorough ammonia soak the pressure is
instantaneously released causing an explosion through a ball valve which vents the ammonia fumes to a
blowdown tank at least SO times the volume of the reactor. It is speculated that hydrogen atoms are
ripped from the biomass causing a form of decrepitation to the crystalline linkages.

The original experimental plan was written based upon the four parameters which did not include particle
size. The parameters referred to are water load, ammonia load, reactor residence time and temperature.
National Renewable Energy Laboratory (NREL) provided eight hybrid poplar samples which actually
consisted of only three different particle sizes. Approximately 3 kilograms were -60 mesh, 1.0 kilogram
was at -60 mesh to + 80 mesh and 1.7 kilograms was -1/16 inch to + 60 mesh. These were provided with
the hope that we could determine the best particle size for all observations. A list can be found list in
Table 4. Once it was determined at what particle size the pretreatment would best be optimized, the
milling to the selected particle size would be done. Several observations were made using short
hydrolysis durations to determine best particle size. Glucose yields from these observations are listed in
Tables 1c, 1d and 3a. The data in Table 3a of Set B on page 6 is based on biomass with water pre-
equilibrated for longer than one hour before ammonia was loaded and residence time of 30 minutes plus
a 25 minute ramp time (a total exposure time of 55 minutes).

MILLING HAS BOTH ADVANTAGES AND DISADVANTAGES

Milling the biomass before the ammonia treatment can help in producing higher glucose and xylose
yields at higher rates of enzymatic reaction than could be achieved at a particle size as large as 2mm.

If the surface area is excessive, the ammonia saturation into the biomass is too complete and even after
the explosion (which drives off 84% of the total ammonia Latimer 1992 unpublished). The excess
ammonia causes a high pH directly on the biomass fibers even after a two hour soak in 4.8 pH buffer.
The high pH on the biomass will inhibit the reactivity of the cellulase and beta glucosidase enzymes in
the hydrolysis reaction since enzyme conformation (directly related to hydrolysis efficiency and rate) is
critically dependent upon substrate surface pH. The “easily saturated” aspect of finely ground (40 mesh
and below)AFEX material can be used to help reduce the amount of ammonia necessary to induce an
effective treatment through particle size reduction and reducing the effective load of ammonia to about
one-half the amount which would be necessary at a larger particle size (such as 2mm).




EARLY OBSERVATIONS REVEAL DIFFERENCES BETWEEN FINAL SUBSTRATE, MILLED
HYBRID POPLAR, AND THE SUBSTITUTE MILLED HYBRID POPLAR SUBSTRATE

It should also be noted that the particle size of -60 mesh as compared with the -1/16 inch to + 60 mesh
did seem to exhibit more resistance to enzyme susceptibility, even when AFEX treated, due to the
compacting effect of the “Winona” milling done at Michigan Biotechnology Institute (MBI). Note that
the untreated hybrid poplar sent back from MBI used in both data Sets 6 and 7 in Tables 14 and 15
rendered significantly lower glucan digestibility at the -60 mesh particle size than did the NREL - 60
mesh untreated hybrid poplar from the NREL sieved substitute samples. This substitute hybrid poplar
was presented (pre-ground and pre-sieved) to Ra Energy Ltd. for preliminary AFEX observations to
determine the particle size reduction necessary to complete the pretreatment observations. It is
speculated that knife-milled hybrid poplar (the pre-ground substitute poplar sent from NREL) has a better
response to enzymes than “winona” milled poplar even as an untreated substrate at -60 mesh. See the
untreated hybrid poplar glucan digestibility results for NREL milled and sieved wood on Sets 1, 2, 3, and
4 in Tables 9,10,11 and 12 on pages 14, 15 and 16. The MBI milled wood hydrolysis results for the
untreated samples are in Sets 5, 6 and 7 in Tables 13, 14 and 15 on pages 18 and 19.

UNFORTUNATE MILLING OF ALL THE FINAL SUBSTRATE TO BELOW 40 MESH

It is fortunate that a substitute experimental hybrid poplar was sent to Ra Energy Ltd. by Daniel Hsu
early in the course of this subcontract. This material was used for several AFEX pretreatment
observations prior to running the actual samples which were run using the particle sizes as milled by
NREL. Even the analytical evaluation of compositional profiles appeared to be very different between
the original batches of hybrid poplar test sample sent from NREL (these chemical analyses are logged in
Table 8) and the compositional hybrid poplar analyses data for hybrid poplar milled at MBI (recorded in
Tables 5 and 6). Observations from data Set 4 were run on -1/16 inch to + 60 mesh hybrid poplar particle
size. AFEX sample Set 4 had the highest total “Glucan Digestibility” of all the hybrid poplar
digestibility yields. Unfortunately most other experimental observations were done on - 60 mesh particle
size.

Observations from Sets 6 and 7 at -40 mesh have some rerun hydrolyses data on MBI milled hybrid
poplar. Due to lower glucose yields in these experimental results on the -60 mesh hybrid poplar test
sample and a matching low alpha cellulose standard glucose yield, these sets were both run twice. The
first run on each of these sets utilized the NREL enzymes which were supplied in the beginning of the
project The second runs utilized a new supply of NREL enzymes. The second run for these sets are in
parentheses in Tables 14 and 15 on pages 18 and 19.




Pretreatment Optimization Review

1t can be demonstrated in the following review of experimental parameters and resulting data sets that
various combinations of AFEX settings exist which can show optimum glucan digestibility for the
parameters listed :

Combinations of treatment parameters exist which can be applied to a large number of commercial
situations at large to achieve excellent pretreatment. The concept of easy ammonia recovery and recycle
as demonstrated in this subcontract greatly enhances the economic and scientific feasibility of this
technology. One of several aspects which was not investigated due to time constraints is the possibility
of multiple explosions which is a patented aspect of AFEX technologies. This multiple explosion
concept can be executed using a technique called “Aquafex”. This subcontract was executed as a
preliminary study of AFEX pretreatment of hybrid poplar and should be considered as such. It is the
belief of Ra Energy Limited’s technical and research management that with time and experimentation the
ideal pretreatment conditions for hybrid poplar can be found using the existing AFEX technologies. This
is only the first phase of investigation and only glucan digestibility is reviewed.

EXPERIMENTAL PLAN REVIEW

This report contains a review of the experimental data generated in the NREL Subcontract #HAW-3-
11181-06 with Ra Energy Limited. First it must be explained that the original experimental plan
parameters as set forth in Table 1 of the originally submitted experimental plan were followed to some
degree. Time constraints, non-uniform ramp times (which were a result of setting parameters for
temperature, moisture and ammonia without any respect to time) and the desire to achieve worthwhile
data, dictated that the experimental parameters be altered as set forth in data Sets 1-7 in tables 9-15 and
as recorded on pages 9-15. The respective graphics and charts are listed in the figures and tables section
of the table of contents. A copy of the original experimental plan parameters in Table 1 can be found on
page 3 of this text.




Original Experimental Plan AFEXING Parameters

Table 1a. The Original Experimental Plan AFEX Parameters

Run# Time(min.) Temp(C) NH;(kg/kg biomass) Moisture (kg/ke biomass)
1 30 90 2.0 0.375
2 30 30 2.0 0.375
3 10 90 2.0 0.375
4 10 30 2.0 0.375
5 20 60 3.0 0.6

6 20 60 3.0 0.15
7 20 60 1.0 0.6

8 20 60 1.0 0.15
9 20 60 2.0 0.375
10 30 60 2.0 0.6

11 30 60 2.0 0.15
12 10 60 ‘ 2.0 0.6
13 10 60 2.0 0.15
14 20 90 3.0 0.375
15 20 90 1.0 0.375
16 20 30 3.0 0.375
17 20 30 1.0 0.375
18 20 60 2.0 0.375
19 30 60 3.0 0.375
20 30 60 1.0 0.375
21 10 60 30 0.375
22 10 60 1.0 0.375
23 20 90 2.0 0.6
24 20 90 2.0 0.15
25 20 30 2.0 0.6
26 20 30 2.0 0.15
27

20 60 2.0 0.375

The initial observations based on the original experimental plan all yielded 35% or less of the 50%
glucose available in the hybrid poplar substitute substrate.(See Table 1a for parameters, Table 1 b for
enzyme and solid loads and Table 1c for original resuits.) Contained within Table 4 are the results of an
AFEX run which appears to have the best results at the parameters which are listed under the table:

EXPLANATION OF THE ORIGINAL PLAN PARAMETERS

The original experimental plan design includes time exposures in the AFEX reactor of less than 30
minutes (as written per consultants Dr. Bruce Dale & Dr. Larry Douglas). Several of the initial
observations using 30 minutes and less of exposure time with various moisture and ammonia loads
revealed that very little pretreatment was being achieved especially when water was loaded just prior to
the AFEX treatment (see Tables 1a, 1b, l¢, 1d, 2, and 3). Prior work on other less recalcitrant substrates
(i.e. Coastal Bermuda grass) revealed that time exposures of less than thirty minutes were not successful
in converting any significant portion (greater than 30% of the total biomass) of the biomass into a
glucose yielding substrate by using any moisture or ammonia load unless a presoak (equilibration

~ time)for water and or ammonia of at least thirty minutes was implemented.(Latimer 1992 unpublished).




Table 1b. The Original Experimental Plan Enzyme And Solid Loads

Hybrid Poplar Sample DESCRIPTION for the 1-4-94 Observation-60 to + 80 mesh

First set of Preliminary observations-Set A

Sample % Solids Cellulase Cellobiase Initial pH
A 5% SIU 201U 4.8
B 10% S5IJ 201U 4.8
C 5% 10IU 201U 4.8
D 10% 101U 201U 4.8
E* 5% 51U . 201U 4.80
F 10% 101U 201U 4.8

*Samples A & B are untreated. Samples C through F are AFEXED at the parameters listed :

AFEX settings were thirty minutes at 90°C, 2 kg NH3/kg poplar and 0.3kg H,0/kg poplar. All samples
are size -60 to + 80 mesh.

Table 1¢c. The Original Experimental Plan Glucose Digestibility Results

Set A All samples are size -60 to + 80 mesh.

Actual YSI Glucose Analyzer readings in grams per liter

Glucose 24 hour Glucose 48 hour Glucose 72 hour
pH
A =2.62 A=143 4.7 A=1.50
B =564 B=8.80 45 B =464
| C=445 C=4.95 48 C=352
| D =8.26 D=8.67 4.6 D=10.3
l E = 7.01 E=74 48 E = 8.08
E F=12.6 F=13.3 4.8 F=13.20

Table 1d. Original Experimental Plan Results in % Glucan Digestibility

Set A All samples are size -60 to + 80 mesh.

Glucose 24 hour Glucose 48 hour Glucose 72 hour
A =2.5% A =<2.5% A =<2.5%
B =2.7.°/o B :<2.7°/o B =<2.7°/o
C =4.27% C =4.75% ~ C =<4.75%
D =3.96% D=4.16% D =<4.16%
E=6.72% E= 710% E=775%
F=6.05 F= 6.38% F = <6.38%

The results in this table represent yields from hybrid poplar samples which were not pre-soaked before AFEX
pretreatment was applied. Note that none of the glucan digestibility’s exceed 8%.




HYBRID POPLAR DESCRIPTION FOR 1-14-94 OBSERVATIONS-1/16" VTO + 60 MESH
AFEX treated on 1-10-94

* A 100gram sample soaked in O.3kilogram of water per kilogram of substrate for 30 minutes prior to being
loaded into the AFEX reactor with 300grams of Ammonia (3:1 NHj to biomass). This mixture was taken
to 90°C (194°F) and held there for thirty minutes. Total ammonia exposure time is equal to 56 minutes.

Table 2. The Enzyme and Solid-loading on Best AFEX Original Observations

Sample % Solids Cellulase Cellobiase Initial pH

A 5% S1IU 201U 5.05
B 0% 51U 201U 5.05
C 5% 10IU 20IU 5.00
D 10% 101U 201U 5.05
E* 4.67% 510 201U 5.00

*Sample A through D are AFEXED at the above parameters Sample E is untreated. All samples are size
1/16" to + 60 mesh.

Sample Description: NREL original observational substitute hybrid poplar which was milled by NREL
subcontractor to a particle size of (-1/16" to + 60 mesh)

Table 3a. The Best Results from the Original Experimental Plan AFEX Parameters.

Preliminary Experiment Set 1 particle size of (-1/16" to + 60 mesh)

Glucose 24 hour Glucose 48 hour Glucose 72 hour
pH
A =3.59 A=4089 47 A =5.36
B=8.17 B=9.90 45 B=10.9
C=6.77 C=6.27 48 C=8.40
D=114 D=152 4.6 D=15.6
E =3.04 E=346 458 E=3.46

% Glucan Digestibility Set 1 particle size of (-1/16" to + 60 mesh)

Glucose 24 hour Glucose 48 hour Glucose 72 hour
pH
A =149% A=20.79% 4.7 A =22.33%
B=17.02% B =20.63% 4.5 B=227%
C=2821% C=26.12% 4.8 C = 35.00%
D =23.75% D=31.66% 4.6 D =32.5%
E =12.66% E=14.41% 4.8 E=14.42%

It is unfortunate that the -1/16 inch to + 60 mesh particle was not the size milled at MBI The best results
appear to have been achieved at this particle size in both the treated and the untreated samples.




Table 3b. The Best Results from the Original Experimental Plan AFEX Parameters.

Preliminary Experiment Set 2 particle size of (-60 mesh to + 80 mesh)

Glucose 24 hour Glucose 48 hour Glucose 72 hour
24 Hours 48 Hours 72 Hours

A =3.23 A =4.83 A =489

B =3.40 B =6.51 B =9.22

D=11.3 D =126 D=11.7

E =297 E =3.10 E =3.41

Sample C was contaminated.

% Glucan Digestibility Set 2 particle size of (-60 mesh to + 80 mesh)

Glucose 24 hour Glucose 48 hour Glucose 72 hour
24 Hours _ 48 Hours 72 Hours
A =13.46% A =20.13% A =20.38%
B= 7.08% B =13.56% B =19.21%
D =23.54% D =26.25% D =24.38%
E =12.37% E =12.92% E =14.21%

Sample C was contaminated.

To calculate the % of glucose yielded use 50gms/It for the 100gms/lt used in the 10% solid samples.

Divide the Glucose yield by 50gms/It (for the 5% solids loaded) or by 100gms/It (for the 10% solids
samples) to give the final percentage of glucose yielded multiply the answer by 0.48 which will equal the
glucan digestibility which is listed for these preliminary observations in the above sets of glucan
digestibility) Total theoretical glucose percent in the hybrid poplar is 48 % according to the analytical test
data in Tables 5,6,7 and 8.




The New Design Was Formulated With Respect to Each Previous Set of Observations

The specific experimental results listed in Tables were obtained through several consecutive sets of
observations (a total of seven sets of observations were formulated in this manner) which were structured
using the data generated from each previously numbered set of observations. Several initial observations
(the first data set which is Set 1)using thirty minute time exposures and various moisture and temperature
variables revealed that very little pretreatment was being achieved using thirty minute exposures without
presoaking the hybrid poplar samples in the respective water load for at least one hour before AFEX
treatments were applied. Since the original experimental plan (statistically generated by Dr., Larry
Douglas, formerly of SERI, using parameters suggested by Dr. Bruce Dale, Currently of Texas A & M
University) utilized no time period greater than 30 minutes in total (some as short as ten minutes) the
original experimental plan had to be investigated and redesigned. The samples utilizing water loading
with the original time spans for treatment, yielding sometimes 10 to 15% of the glucose with no greater
than 20% of the theoretical glucose through enzyme hydrolysis in samples with reactor residences times
of 10 and twenty minutes.

Time is a Critical Variable of The AFEX Water Loading Concept

It is known among experienced AFEX users, of which there are very few, that to see any improvement in
the AFEX process due to water loading, the water must be added and the biomass soaked for at least
thirty minutes in advance of the ammonia exposure. This parameter was not included in the original
experimental plan or the edited plan. The proposed 30 minute reaction time exposures must also include
a ramp time which is lengthened with each degree increase in the final temperature of exposure. This
ramp time is a parameter which is dictated by the current reactor design which cannot be avoided and
should not be ignored. No method to account for the moisture equilibration time was being employed.

It is Ra Energy Limited's belief that the best commercial parameters for ammonia recovery would utilize
no added moisture loading at all (utilizing the natural moisture content). It was decided that in order to
compare temperature without interference from variations in ammonia exposure duration, (Latimer/Ra
Energy Ltd.) that all durations (soak or equilibration time for biomass in the ammonia), regardless of
temperature would be made equal by extending all temperature exposure durations to a preset number of
minutes greater than thirty minutes. During the course of executing the AFEX parameters which held
time constant for all moisture and temperature and ammonia variations the best settings for all parameters
for glucan digestibility and glucose yield became apparent.

Table 4. Substitute NREL Hybrid Poplar Sample List.

) Sample # | Weight in kgs Particle Size

1 0.7733 - 80 mesh

2 0.7179 - 60 mesh

3 0.4989 - 60 mesh+ 80 mesh
4 0.8044 -1/18"+ 80 mesh

5 0.7974 - 60 mesh

6 0.4805 - 60 mesh+ 80 mesh
7 0.695 - 60 mesh

8 0.906 -1/16"+ 60 mesh




Substitute Hybrid Poplar Particle Size Description and Inventory

A list of a substitute hybrid poplar sent to Ra Energy laboratories is listed in Table 4 on page 10. These
samples were provided for initial observations and subsequent determination of the particle size needed
for delivery of the_subcontract specified hybrid poplar. A compositional analysis of this substrate is
included below in Table 5.

Table 5. NREL Final Substrate Compositional Analyses - Final Results.

Hybrid Poplar Test Sample Analytical Results
CHEMICAL ANALYSIS:

SAMPLE: NREL Actual Wood Substrate for Final Pretreatment Analysis (milled at MBI by Ra Energy Ltd.)
Particle Size: - 60 mesh

DATE: May, 1994

@105°C @45°C
% Total Solids 98.01 99.88
% Moisture 1.99 0.12
%Glucose {41.25)
%Glucan (glucose x 0.90) 37.13
%Xylose (18.27)
%Xylan (xylose x 0.88) 16.08
%Klason Lignin 25.85
%Acid Soluble Lignin 2.19
%Ash (dry wt. basis) 2.06 (average of -60 & -80 mesh)

Glucose and xylose recovery after two stage sulfuric acid hydrolysis:
% Glucose recovered: 96.80

% Xylose recovered 90.41




Table 6. NREL- Actual Subcontract Hybrid Poplar
CHEMICAL ANALYSIS:

SAMPLE: NREL Actual Wood Substrate for Final Pretreatment Analysis (milled at MBI by Ra Energy Ltd.)
Particle Size: - 40 mesh

DATE: May, 1994

@105°C @45°C
% Total Solids 97.30 untested
% Moisture 2.7 untested
%Glucose untested
%Glucan (glucose x 0.90)
%Xylose untested
%Xylan (xylose x 0.88)
%Klason Lignin 25.77
%Acid Soluble Lignin 2.75
%Ash (dry wt. basis) 1.43
NREL glucose standard: 1.02mg/mi (HPLC); 1.01 mg/mI(YS])

NREL ethanol standard: (QA-ETOH-08): 31.26 mg/ml or 3.96 % (v/v) (GC)




Table 7. Test Sample Analyses of Alpha Cellulose

CHEMICAL ANALYSIS:

SAMPLE: alpha - Cellulose (NREL)

DATE: May, 1994
@105°C @45°C

% Total Solids 95.75 97.85
% Moisture 4.25 2.15

%Glucose

%Glucan (glucose x 0.90) 99.95
%Xylose

%Xylan (xylose x 0.88)

%Klason Lignin

%Acid Soluble Lignin

%Ash (dry wt. basis) 0.24

Glucose and xylose recovery after two stage suifuric acid hydrolysis:
% Glucose recovered: 96.80

% Xylose recovered 90.41
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Table 8. NREL Test Sample Analyses Final Results.
CHEMICAL ANALYSIS:

SAMPLE: (QA-W0-08), NREL Wood Standard

DATE: June 17, 1994

@105°C @45°C
% Total Solids 95.40 96.32
% Moisture 4.60 3.68
%Glucose (48.67)
%Glucan (glucose x 0.90) 43.80
%Xylose (17.80)
%Xylan (xylose x 0.88) 15.66
%Klason Lignin 25.85
%Acid Soluble Lignin 2.19
%Ash (dry wt. basis) 1.25
NREL glucose standard: 1.02mg/ml (HPLC); 1.01 mg/mI(YSI)

NREL ethanol standard: (QA-ETOH-08): 31.26 mg/mi or 3.96 % (v/v) (GC)

OBSERVATIONS BASED ON SUBSTITUTE HYBRID POPLAR

The initial experimental plan was formulated based on using a steam generator to bring samples to a set
exposure temperature without enduring the ramp time normally encountered in the AFEX reactor design.
The steam generator concept, although excellent in theory, posed many practical problems for so small a
reactor as the current AFEX reactor design. The steam generator was aborted due to time and technical
constraints. Some AFEX work was done using a microwave to heat the treatment water for some
preliminary observations. It was apparent that water loading with water preset to the predetermined
observation temperature still required an equilibration time to show a treatment effect.

It was also decided that due to the new experimental design that the amount of water present (and the
length of soak time) in the reaction was only important because of the affinity that ammonia has to water.
This extreme affinity induces a faster rate of bringing the ammonia (as long as the minimum
concentration of ammonia necessary for a good pretreatment was present)into equilibrium with the
biomass. Temperature should have played a role in the rate of this equilibration, but temperature has
proved to be not as significant as longer time exposure in this and previous AFEX work done in a set
volume reactor (Latimer 1992 to present unpublished) for optimizing the penetration of ammonia into the
biomass.

The goal of this work was to isolate temperature, total reactor residence time and water loading effect to
such a degree as to isolate the ideal setting to run this biomass into a reactor under a commercial setting.
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Temperature Threshold Set By Previous Biomass Deterioration Observed Above 90°C

The first threshold that was determined was the maximum temperature threshold. Early observations on
the hybrid poplar in Set 1 Table 9 reveal the results of the chosen threshold around 90°C. This threshold
is defined by a glucan digestibility drop as an indicator of heat damage to the biomass. The temperature
at which this damage occurs is a few degrees below 100° C and the result is an apparent reduction in
available glucose from the pretreated hybrid poplar. The 90°C maximum was set in previous AFEX
treatment observations using sugar cane bagasse. Bagasse has a similar high lignin content and a protein
content of less than 1% just as hybrid poplar. The choice not to exceed 90°C was based upon the
commercial goal of using the minimum energy input necessary to achieve a good AFEX treatment and
staying comfortably below the biomass damage threshold The high temperature chosen was 90°C and
the low temperature was 30°C. Experimental parameters were chosen between these two extremes for
definitive digestibility results. The first set of parameters used the highest and lowest temperatures and
the highest ammonia concentration of 3kg/kg dry biomass and the lowest ammonia concentration of
lkg/kg of dry biomass. Set 1 Table 9 Observation 5 was run in the ammonia concentration mid range of
1.5kg/kg of dry biomass and looked identical in glucan digestibility to the high temperature (90°C) 1kg
ammonia to lkg dry biomass of Observation 3 of the same set. Since observation 5 has 0.5kg of water
/kg biomass and 1.5kg of ammonia /kg biomass the pressure at 30°C had an effect similar to the
digestibility observed in Observation 3, where the ammonia load is 1kg of ammonia /kg biomass and no
water at 90°C. Both of these observations resulted in near equal overall pressure. The experiment Set 1
has 5 observations at totally different settings, demonstrating the importance of the interplay in
combinations of factors to produce two overall effects 1) pressure and 2)ammonia diffusion rate. The
current  “set volume” system results in pressure being dependent upon temperature and the vapor
pressures produced from interdependent combinations of temperature, ammonia and water
concentrations. The equilibrium of water and ammonia with the biomass and the diffusion intensity of
the ammonia into the biomass over a set time period appear to be dependent upon any moisture which
may be naturally equilibrated within the biomass before AFEX treatment, added moisture while
pretreating with ammonia and pressure/temperature. The final outcome of any one AFEX treatment
although dependent upon all factors in the experimental design can be comparatively identical in glucan
digestibility with drastically different ammonia and energy inputs.

Optimum Water Load is Set Based on Prior AFEX Results on Multiple Substrates

The fact prevailed throughout all of the work on multiple substrates exposed to AFEX treatments that
those samples with 0.5 kilograms of water per kilogram of biomass (if run at the optimum temperature
between 70 to 85°C for most every substrates) yielded the greatest glucan digestibility when compared
to samples run at any other moisture content in the current 4 liter reactor volume. When water loading
exceeds 0.5 kilogram per kilogram of biomass there is an obvious diluting effect on the ammonia and any
subsequent final ammonia effect. When water loading is lower than 0.5 kilograms per kilogram of dry
biomass there appears to be less ammonia absorption and dispersion throughout the biomass and
therefore a reduction in the pretreatment intensity which results in a lower glucose yield.

This result is due to the high affinity of ammonia to water which should be already equally distributed
throughout the biomass by the time the ammonia is loaded. The high affinity of ammonia to water
proves very useful in extracting ammonia from the biomass rendering the biomass about 99% ammonia
free after washing, less than 1% is left on the biomass (Latimer 1992 unpublished contract work done
under Dr. Bruce Dale for Earnest Stuart of AFEX Corporation, lab books exist to verify this fact).

The first set of parameters used for AFEX treatment explored 30 and 90°C temperatures both dry and
with 0.5kg of water/kg of dry hybrid poplar wood. We did not explore 30°C degrees for any time period
greater than 35 minutes simply because of the low glucose reading obtained at this temperature. It should
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be noted that hybrid poplar at 30°C (Set 1, Observation 5 in data Table 9) at 1.5:1 ammonia to biomass
yielded a 10% increase over glucose yield at 30°C 1kg of ammonia to lkg of biomass for a six minute
shorter time duration when water (which required a presoak of at least an hour) was compared to dry
biomass with a 1:1 ammonia to biomass ratio (Set 1 Observation 1). '

Equilibration of Ammonia With the Biomass is Based on Water Load and Soak Time

The problem which occurred in trying to compare these dry vs. 0.5 kilogram of water per kilogram of dry
wood observations was the unrecorded water soak time of one hour on the biomass . If Observation 1
which is a dry biomass was given equal time (one hour) for the ammonia to soak(equilibrate) into the
biomass as was allowed for water (and consequently the ammonia which, due to its extremely high
affinity to the moisture readily absorbs into the core of the fibers of the already soaked wood sample)
treatment would appear more uniform for both wet and dry observations. This concept can be
appreciated when reviewing data in Table{g/{/b, which shows solids concentrations and enzyme loading,
Table 1c, which shows actual glucose readings and Table 1d, which lists glucan digestibility in the
unsoaked water AFEX treated samples.

Pretreating the poplar samples with water and allowing a period of soaking time before ammonia addition
is not a problem as long as the water does not contaminate the ammonia which we propose to recycle.
Since this has yet to be determined we continue the investigation assuming there are at least two
possibilities: (1)that some water escapes with the ammonia upon explosion (worst case would be that the
total mass of water is bound and released with the ammonia. (2) the second assumption is that
thermodynamically it is not possible for the water to be driven from the sample as rapidly as the
ammonia and therefore most or possibly all of the water is left behind due to the temperature drop which
occurs as the ammonia changes from its compressed liquid state in the micro-crevices of the ground and
soaked biomass.

The second assumption becomes more feasible when the treatment is conducted at the lowest possible
reactor temperature that yields closest to the optimum result. Continuing along these thoughts the
experimental design was tailored to determine the best lowest temperature as well as the best dry
treatment possible as set out in data sets 3, 5, 7 and 8.

Table 9. AFEX High/Low Temperature, 1X, 2X and 3X NH3 Observations

Enzyme Saccharification of Hybrid Poplar Test Samples (NREL Protocol #009):

SET # 1 ( Particle Size: - 60 mesh)-NREL knife milled and sieved to particle size specified.

AFEX Treatment Conditions: DIGESTIBILITY:
72hrs

01- 30° C, 1:1 NH,, dry (35 min.) 211 %

02- 30° C, 3:1 NH,, 0.5 kg H,O per kg wood (29 min.) 25.1%

03-  90°C, 1:1 NH,, dry (53 min.) 30.2 %

04- 90° C, 3:1 NH,, 0.5 kg H,0O per kg wood(56 min.) 46.3 %

05- 30° C, 1.5:1 NH,, 0.5 kg H,O per kg wood(29 min.) 30.1 %

06- Untreated hybrid poplar 15.0 %
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Reduction inThe Initial Hydrolysis Time is Necessary to Accomplish the Needed Number
of Observations to Determine Optimum Particle Size

This original set of hydrolysis data was run only until the seventy second hour for purposes of
determining the best observation rapidly and preparing a new set of AFEX parameters for the second set
of observations. Both Set 1 and Set 2 were run without an alpha cellulose standard due to the fact that
we were using these observations solely for purposes of exacting a new experimental plan as well as
determining a target particle size for pretreatment, hydrolysis and fermentation. Set 1, Observations 2
and 4 as well as Set 1, Observations 1 and 3 were used to observe the results of the extremes of
temperature and to determine the degree of variation in yields between two sets of identical ammonia
and water load parameters at a temperature difference of 60 degrees from each other. It should be noted
that there is no record in this first set of the water soaking time prior to AFEX treatment. The soak time
is a valuable piece of information about the water equilibration and the net ammonia diffusion rate result.
there would be some real confusion over the interpretation, since both 30°C wet and 90°C dry at very
similar ammonia loading (1:1/90°C and 1.5:1/30, °C with respect to the pressure and diffusivity
enhancement alone) look very much alike in resulting glucan digestibility of just over 30% . The
actuality of this first set is that there are far too many variables and the interpretation cannot be very
conclusive based on just the facts presented in data Set 1. This is exactly the reason that several data sets
were required to begin to conclude any correlation between the data set parameter and the % Glucan
Digestibility.

Reaction Time While Scaking in Ammonia is Made Uniform in All Observations

The decision to delete the water soaking time and hold all observations constant with respect to the
length of time ammonia is exposed to the biomass is made when formulating the parameters for data Set
2. These observations use a predetermined length of time for each observation which is greater than the
ramp time for any temperature plus thirty minutes. Records were kept on the first set of data which
revealed the ramp time necessary to achieve each observation temperature. A value of 55 minutes was
decided upon and used in Set 2 except for the very first observation which was over shot by about eight
minutes.
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Table 10. AFEX Extended Time (Water held constant) 2X Vs 3X NH3 Observations

Enzyme Saccharification of Hybrid Poplar Test Samples (NREL Protocol #009):

SET # 2 ( Particle Size: - 60 mesh)-NREL knife milled and sieved to particle size specified.

AFEX Treatment Conditions: %DIGESTIBILITY:
72hrs
01- Untreated hybrid poplar 15.0%
02- 90° C, 3:1 NH,, 0.5 kg H,0O per kg wood(63 min.) 49.0 %
03- 90° C, 2:1 NH,, 0.5 kg H,0 per kg wood(55 min.) 42.0 %
04- 70° C, 3:1 NH,, 0.5 kg H,0 per kg wood(55 min.) 42.3 %
05- 70° C, 2:1 NH,, 0.5 kg H,0 per kg wood(55 min.) 48.2 %
06- 50° C, 3:1 NH,, 0.5 kg H,0 per kg wood(55 min.) 37.5%
07- 50° C, 2:1 NH,, 0.5 kg H,0 per kg wood(55 min.) 371 %
o Cellulose Standard 87.0%

(Sigma brand)- is this alpha cellulose value which belongs with this set of data

Substrate Composition and Sieving / Milling Techniques Explain Variations in Results

Observations 2 at 49% and 5 at 48.2 % in Set 2 are extremely close in glucan digestibility. These 90° and
70°C observations vary by only eight tenths of a percent and Observation 2 at 90°C was really run for
eight minutes longer than Observation 5 at 70°C. It appears that similar results can be achieved at 20°C
lower and 1Kilogram of ammonia less .per kilogram of dry hybrid poplar through Observation 5 as
compared to Observation 2. This is a very significant finding which will be utilized in the energy and
mass balance and later will greatly influence the commercial cost of this process per kilogram of dry
hybrid poplar. Another example of the 70°C effectiveness is revealed in Observation 4 of Set 2 which
probably runs slightly lower due only to the excess ammonia and less aggressive explosion generated at
the lower reactor temperature. Observations 4, 5 and 6 of data Set 4 are run at 70°C and yield 47.25,
46.94 and 46.94% glucan digestibility respectively. There seems to be no significant improvement in
Observation 5 when 1kg/kg dry biomass more ammonia is utilized.

Observations made in data Set 3 include Observation 1 on page 17, which is treated with all parameters
identical to , Observation 4, of data Set 2 page 15 have comparative yields only after 168 hours in set 3 as
compared to 72 hours in Set 2 data. Data Set 2 is listed as a 72 hour run but Observation 4 at 72 hours 1s
reading considerably higher than Observation 1 in data Set 3 even after 168 hours. The untreated hybrid
poplar and the alpha cellulose in Set 2 at the 72 hour reading, are already at the same values they achieve
in Set 3 only after 168 hours.

It looks as though Set 2 was run at possibly a higher enzyme loading, higher temperature or sampled later
than 72 hours. There is the possibility that the first set was autoclaved and the second set was not or that
there was enough difference in the poplar substrate sampling to account for these differences. Basically
the trend can be established by relying upon the alpha cellulose and untreated wood values to standardize
the observations. Since the alpha cellulose and the untreated wood values in Set 2 (at 72 hours) and Set 3
(at 168 hours) are extremely close we are assuming the biomass should be comparable by using this
relationship.
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Table 11. AFEX Optimized Temperature Wet Vs Dry 1X Vs 2X NH3 Observations

Enzyme Saccharification of Hybrid Poplar Test Samples (NREL Protocol #009):

SET #3 (Particle Size: -60 Mesh)-NREL knife milled and sieved to particle size specified.

AFEX Treatment Conditions:

01-
02-
03-
04-
05-
06-
07-
08-

70° C, 3:1 NH, 0.5 kg H,O per kg wood(55min)
85° C, 2:1 NH,, 0.5 kg H,O per kg wood(55min)
70° C, 3:1 NH,, 0.5 kg H,O per kg wood(55min)
70° C, 2:1 NH,, 0.5 kg H,O per kg wood(55min)
70° C, 3:1 NH,, dry (85min)

70° C, 2:1 NH,, dry (85min)

85° C, 3:1 NH,, 0.5 kg H,0 per kg wood(55min)

Untreated hybrid poplar
o Cellulose Standard (NREL)

% Digestibility :

72hrs
31.01%

35.69 %
29.43 %
25.61 %
29.88 %
28.08 %
30.2 %

12.92 %
76.91 %

168hrs
36.27%

41.00 %
33.44 %
31.14 %
35.64 %
33.44 %
32.27 %

15.08 %
86.24 %

Table 12. AFEX Optimized Temperatures Larger Particles Wet Vs Dry Observations

Enzyme Saccharification of Hybrid Poplar Test Samples (NREL Protocol #009):

SET # 4 ( Particle Size: 1/16 in. + 60 mesh)-NREL knife milled and sieved to particle size

specified.
AFEX Treatment Conditions:

01-
02-
03-
04
05
06
08

85° C, 3:1 NH,, 0.5 kg H,O per kg wood (55min)
85° C, 2:1 NH,, 0.5 kg H,O per kg wood(55min)
70° C, 3:1 NH,, 0.5 kg H,O per kg wood(55min)

70° C, 3:1 NH,, 0.0 kg H,O per kg wood(85min)
70° C, 2:1 NH,, 0.0 kg H,O per kg wood(85min)
Untreated Hybrid Poplar

o Cellulose Standard (NREL)

(
(
- 70° C, 2:1 NH,, 0.5 kg H,O per kg wood(55min)
(
(

%DIGESTIBILITY:

72hrs
45.45 %

39.78 %
39.69 %
41.81 %
42.84 %
42.80 %
11.16 %
74.52 Y%

168 hr.
52.02 %

44.51%
43.20 %
47.25 %
46.94 %
46.94 %
12.56 %
86.13 %
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Table 13. AFEX Optimized Temperature, Reduced Ammonia, Wet Vs Dry & Time Increase

Enzyme Saccharification of Hybrid Poplar Test Samples (NREL Protocol #009):
SET # 5 ( Particle Size: - 60 mesh)-MBI Double disk attrition milled by “Winona” mill.

AFEX Treatment Conditions: %DIGESTIBILITY:
72hrs
01- 85° C, 1.5:1 NH,, 0.5 kg H,0O per kg wood(55min) 31.41 %
02- 85° C, 1:1 NH,, 0.5 kg H,0 per kg wood(55min) 29.39 %
03- 70° C, 1:1 NH,, 0.5 kg H,0 per kg wood(55min) 24.93 %
04 85° C, 1:1 NH,, dry (85min) wood 2214 %
05 70° C, 1:1 NH,, dry (85min) wood 22.05 %
06 Untreated Hybrid Poplar 13.91 %
o Cellulose Standard (NREL) 71.46 %

Table 14. AFEX Observations on MBI Milled Poplar to Reporduce NREL Poplar Results

Enzyme Saccharification of MBI Milled Poplar Test Samples (NREL Protocol #009):
SET # 6 ( Particle Size: -40 mesh) MBI Double disk attrition milled by “Winona” mill.

AFEX Treatment Conditions: %DIGESTIBILITY:
72 hr. 168 hr.

01- 85° C, 3:1 NH,, 0.5 kg H,0/kg wood(55min) 30.24 % (30.56) 35.91 % (36.23)
02- 85° C, 2:1 NH,, 0.5 kg H,O/kg wood(55min) 27.68 % (21.33) 38.97 % (32.63)
03- 70° C, 3:1 NH,, 0.5 kg H,O/kg wood(55min) 29.48 % (23.40) 38.21 % (32.13)
04 70° C, 2:1 NH,, 0.5 kg H,O/kg wood(55min) 19.22 % (16.92) 23.18 % (20.88)
05 70° C, 3:1 NH,, dry wood(85min) 30.91%(30.15) 34.02% (30.51)
06 70° C, 2:1 NH,, dry wood(85min) 28.67 % (29.79) 30.51 % (33.12)
07 Untreated Hybrid Poplar wood 7.65% (8.46) 8.46 % (9.9)
Controlo Cellulose Standard (NREL) 67.37 % (53.82) 78.17 % (70.92)
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Table 15. AFEX Observations on Milled MBI Poplar

Enzyme Saccharification of MBI Milled Poplar Test Samples (NREL Protocol #009):
SET # 7 ( Particle Size: - 40 mesh) MBI Double disk attrition milled by “Winona” mill.

AFEX Treatment Conditions: %DIGESTIBILITY:
72 hr. 168 hr.
01-85° C, 2:1 NH,, 0.5 kg H,0 per kg wood(55min) 30.24 %(30.56) 35.91 % (36.23)
02-85° C, 2:1 NH,, 0.5 kg H,0 per kg wood(55min) 27.68 %(21.33) 38.97 % (32.63)
03-70° C, 3:1 NH,, 0.5 kg H,O per kg wood(55min) 29.48 %(23.40) 38.21 % (32.13)
04-70° C, 2:1 NH,, 0.5 kg H,0 per kg wood(55min) 19.22 % (16.92) 23.18 % (20.88)
05-70° C, 2:1 NH,, dry (85min) 28.67 %(29.79) 30.51 % (33.12)
06-70° C, 2:1 NH,, dry (85min) 30.92 % (34. 37) 34.02 % (37.58)
07 Untreated Hybrid Poplar 7.65 % (8.46) 8.46% (9.9%)
Control o Cellulose Standard (NREL) ..o er e te e s

Values in parenthesis are obtained using
the new enzyme.
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Summary

Substrate Composition and Sieving and Milling Techniques Explain Variations in Data

The subcontract overall goal of optimizing glucan digestibility seems to have been approached best in
data Set 4 which utilizes 1/16 inch to + 60 mesh particle size. It is a disappointment that the final hybrid
poplar substrate which was shipped to Michigan Biotechnology Institute for milling had a significantly
lower (almost 10% lower) digestible glucan content as tested by the glucan digestibility protocol. The
type of milling and sieving done by NREL Vs. the milling done at MBI may have had a negative
comparison effect as well as possibly creating many variations including undetermined compositional
factors that can evolve from particle size sieving alone. The lignin (soluble and insoluble) as well as the
ash content appear to fall into the same ranges as the test samples and the substituted substrate. There is
the fact that the moisture content is at less than 2% in this final hybrid poplar which suggests heat was
generated during milling at MBI as well as possible compacting and compression Wthh would result
from the kind of pressure that would be necessary to generate this level of heat. It is know, that the hybrid
poplar was milled at MBI on an extremely rainy and high humidity day which should not have had an
effect of reduced moisture. The reduced moisture fact alone has a significant bearing on the AFEX
process and I would assume the acid hydrolysis results as well. Although the results seem inconclusive
as compared to the first three sets of data, quite a bit of information can be gleaned from studying these
hybrid poplar results for future application of the AFEX process. Overall reproducibility between the
two significantly different batches of hybrid poplar was poor. The conclusion is that all biomass
processing factors from the field to the end product in an ethanol or bio-fuel production process are
critical and have intense economic impact on the final pretreatment effectiveness and commercial
feasibility.

REVIEW AND COMMENTARY ON ETHANOL EXPERIMENTAL DATA SETS

Below both the alpha cellulose SSF (Simultaneous Saccarification and Fermentation) which met QA/QC
specifications and the fermentation results from some optimized AFEX treatment samples are presented
below. Appendix C contains more detail on the fermentation experimental data on Set 1. Repeated
digestibility experiments on hybrid poplar samples treated at 90°C; 3:1 ammonia weight to biomass
weight ratio and 70°C; 2:1 ammonia/biomass ratio provided comparable results as indicated, e.g., by the
most recent experimental results on these samples: 168 hours %digestibility as 45.37 and 45.39
respectively.  Although we did not ferment the 70°C sample, the fermentation of this sample should
correlate similarly to the digestibility. The trend in the resulting observations was a direct correlation
between hybrid poplar enzymatic hydrolysis, glucose yields and ethanol yields using the NREL SSF
protocols on AFEX treated and untreated samples.
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Table 16. SSF Fermentation Results from NREL Procedure LAP 009

ETHANOL PRODUCTION VIA FERMENTATION
NREL a-Cellulose SSF Data:

Optimized AFEX Treated Sample SSF Data:

AFEX Conditions: 90°C;
3:1 NHz/kg H. Poplar;
0.5 kg H.O/kg H. Poplar;
-60 mesh Particle size
56 min. Residence time

% Digestibility (Procedure #009)

72 hours 36.81 %
168 hours ’ 45.39 %

Hydrolysis Under SSF Conditions:

Time(hr.) Glucose * (mg/dl) % Yield
0 40 3.6
1 69.5 6.26
3 125.5 ~ 11.30
6 138 12.42
12 164 14,76
24 2415 21.74
*YSI only

® Cellobiose not included

Daily Ethanol Production Rate:

Time (hrs) Ethanol (g/l) % Yield (% of the theoretical)
0 2.08 (baseline) 0.0

24 3.35 7.47

48 5.56 20.42

72 718 29.91

96 8.58 38.13

120 9.59 44.06

144 10.04 46.72

168 10.24 47.88

Final pH=5.3

YPD Plate = Only yeast cells were observed
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MATERIAL AND ENERGY BALANCES IN THE PRETREATMENT OF
HYBRID POPLAR WOOD
USING THE AMMONIA FIBER EXPLOSION PROCESS (AFEX)

In the AFEX process, biomass is subjected to high pressure liquid ammonia at
low temperatures. At the end of the required residence time, the pressure is released
instantaneously allowing the ammonia to flash and break apart the biomass. The
treatment conditions (e.g., temperature-pressure, ammonia/biomass ratio, moisture
content, particle size and treatment time) are dependent on the substrate used. For
the present study, the following treatment conditions (Table 1.) are considered to be
the optimum for hybrid poplar wood. When the treatment temperature is raised to
90°C, compared to the optimum 70°C, the hydrolysis yields did not change
significantly and repeated experiments provided almost the same vyields at these two
temperatures (see page16, Table 10., Set#2, Observations #4 & b and page17, Table
12. Set#4, Observations #4,5 & 6). Therefore, to avoid the increased energy cost
required for higher temperatures we have chosen the 70°C as the treatment
temperature for energy balance calculations.

_ Biomass: Hybrid poplar wood
 Particle Size: -40 mesh. =
~ Solids: 97.3 % .
 Moisture: 2.7 % ¢ gy

Table 1. : AFEX Processing Operating Conditions

Treatment Pressure |21 Batm
Treatment Temperature 70°C |
Blowdown Pressure - 1'1.0atm
Treatment Time (Ramp +Reaction) | 60 minutes
Water Loading(ka/kg biomasst | 0.5
'bAmrhohia.Loadihg (kg/kg biomass) 2.0

The steps of the process are (see page A4, Fig. 2A for the flow chart):
1. Loading of the biomass in the pretreatment tank (unit 1);
2. Loading of water;
3. Introduction of high pressure and high temperature ammonia: At this step steam
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is used to heat the pretreatment tank and to keep the contents of the tank at the
desired temperature and pressure. This steam will be injected to the tank jacket and
has nothing to do with AFEX treatment itself. In the laboratory AFEX unit at Texas
A&M university, a heating tape is used for these puposes. A steam jacket would be
more appropriate for large scale treatments.

4. Flashing of the contents of the treatment tank into a flash tank at the end of the
required treatment time (unit 2, to atmospheric pressure);

5. Recovery of evaporated ammonia from flash tank - about 65 % of the ammonia
loaded is flashed from the tank as determined experimentally: Ammonia leaving the
flash tank is compressed to 8.5 atm and leaves the compressor as superheated vapor
at 155.4°C. This ammonia can either be condensed (condenser 2) or can be fed
directly to the pretreatment tank and condense on the biomass, providing 102.8 kcal
energy credit. In our calculations we used the latter option;

6. Ammonia recovery from treated biomass by filter pressing and washing (unit 3):
This step involves washing off the ammonia with 80°C water from the biomass and
filtering, leaving almost negligible amounts of ammonia in the biomass (based on the
experimental work);

7. Ammonia recovery from the wash water by steam distillation (unit 4): 99 % of the
ammonia in the wash water is recovered through this step. Distillation requires high
pressures (10 atm) in order to avoid refrigeration at the top of the column. Energy
recovered through the column condenser (1) is lost to the cooling water, however, the
energy carried by the bottoms is used in other units of the process;

8. Recycling of ammonia to the pretreatment tank: Almost all of the ammonia fed to
the pretreatment tank can be recovered and recycled, requiring very small amounts

of make up ammonia for the process (see page A3, Fig. 1A for material and energy
balances) |

Based on the material and energy balance calculations at the optimum treatment
conditions (see Appendix B, also page A3, Fig. 1A for material and energy balances)
the cost of pretreating hybrid poplar wood using the AFEX process would be:

| 291.2 keal/kg

. 3'3.'8;453}KW/metri‘c ton

*Based on the natural gas prices for industry {Energy Prices and Taxes, Second
Quarter 1994, International Energy Agency, p.280), e.g.,

Average price of natural gas/10’ kilocalories GCV for industry = $117.95
Cost of AFEX treatment= $ 117.95/107/kcal x 291.2 kcal/kg x 10° kg/metric ton =
$3.43 /metric ton.
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MATERIAL AND ENERGY BALANCES
Basis.: 1kg of Hybrid Poplar Wood

B=1.0 kg

B = Hybrid Poplar Wood W=0s ke
" X =2.0kg
A = Ammonia
W = Water . -
S = Steam Pretreatment
(-183.4 kcal)
B=1.0kg
W=0.5 kg
A=20kg
Flashing
(0.0 kcal) = A=131kg
~ (65 % of ammonia loaded)
A 4 .
Compressing
B=1.0kg (-157.4 keal)
W=0.5 kg
A=069ke Condensing
€« W =688 kg
- Filter Pressing A
Biomass Filter Cake and Washing A=131kg
(To_Fermentor) < (-550.7 kcal) (+102.8 kcal)
B=1kg (Recyled to Pretreatment )
W =2.64kg \ 7
A =0.0018 kg W=4.74 kg
A =0.69 kg
S =0.58 kg >
Compressing Steam Disti“ation
-73 .4 keal (-384.8 kcal)
( cal) > A=0683kg
(Recyled to Pretreatment )
1 4
W=5.31kg
A =0.007 kg

(+955.8 keal)

FIGURE 1A ' A3




Ammonia, A

Biomass, B ~ Water, W
Satd __g [ u
Steam, S
Treatment Ammonia
Tank Storage
i Tank
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L] - Liquid
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Flash ' i
Tank Wy Condenser h
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FIGURE 2A - AFEX PROCESS FLOW CHART




Appendix B




=
WAl QW Cost .

S v

291 .2 |
i ‘*‘D‘-(L/L.ﬁ_ Liaweon

)gg‘ \ \ﬁd\}\) ' ("C....~\ bx \D\)\)\D»%S
/ \T\J\,le \ O‘/\ \0
.




VW S lacoona
N

Prstond L N - Do La

TalSodw (vay b psia)
T=20°c (L F)

Toro IR SS WAaTE -2
- o _ . (; \/\
Kéi;r \ Ld VWIS = O g
V= 2o \ = \Qo
7 A
Lok d — "
S haoean ;S / T(\Q,\O.ﬁ\\'\kmwk;& /
"P = D ok TQ\AAJ\L, /
e e Cowit V) 17
J. .
SR

CO%QFL%%BF cowdaunet

D000y e B odketT

| e

g beST L X
Tiides Diags | BiowossS Bk ot Pi?} » VW o

- "Q F QFMQ.V\_:&'
S SA e onnn

(\}Lm* N 3 o Disdilaton

IR

Ao usous WH, Sdeoian ;)
Q Ceu sloking N3
Nouole

l/ Tottoues (1Ro°C)

Dy

L Q)c\u\_y,oui \QH"J_) , e

[T




S

|
i

s

, |

SO

1
= p S

P e

1
i 1

! i
L
: i i
|
|

\
|
\
X
|

=_|
| |
e
. \ Qg’%
| bl

NI

N
| !
H AR Rw.

ary.

\
|
o

Lyt

|
Q
! ‘»‘ |

i
&7

O ]
S

Y




—~
N

) 5t

NI

l
‘ i
VML, 68
)
§
-
|
|
|
l
L
I
ici
|
| i
L
i |
N
[
m
‘ \
|
I
L
|
1
—
|
]
44
‘ 1
|
.
T
o
o

|
-
S

!

l

J’\u_)
(.
l

—

A
|
|

"WL‘&._L&J\‘
o
29
.]‘gx‘
|

\
|
\
1
l
|
|
o
| i
l
I
I
o

ol
Q)
Q

2
—=

|
{
i
I

ZLDQC‘ dﬁ 6;‘%?\:?
|
|
|
|
\
|
D
&
ey
\\‘ 4
o
L
l
|
|
|
|
i
|
\
|
7

4

i
3
o
|
|
|
l
|
l
|
|
|
4{}(\/\3_“
‘1

|
i
|
1
fW
|
|
1
i
|
!
]
|
l
|
|
HE
o)
._} 4_‘  ;

|
1
!
T
i

(e
P
C

|

li

|

|

v
-
TR
1
|

ERLGEYEE
D

I

Lozen

-
L

I

-
NS E

] L

i

|

|

\

|

|

|

z Tep

N
Ly 4
lHLQ\'

]

1 |

|

|

|

I
\\J\:\,\)\\(‘)(‘

E

w
byt
QN
L
L
1
3
|
|

‘2 l i
V_P

i
|
|

B
|
.
1
|
3
(@
L3
|8
! ML’\\

|
i

=

=)

{,@ )
RS

i

|

|

I

s

|
et
o224

| =
N

Db\ﬂ
Q
-

1 Iy Al
- \Qocc
1
Nekeokor
=

|
R
A
H AY
Toda
: |
1
1

|
]
3
I
|
L

il

|
|
|
t
|
S 0N
o).
| 1
|
l
|
[

+_?»
|

. ——

|

E
L
_
| ‘
B
ATE

k)
|
— ”‘,"_ik

°C.
S

. |
M
)
RNV
Sy
g
"
=y
|
|
wall
|
5‘1
3
s
!
|
|
|
\QU\}\)
E\\

e

|
A

|

|

|

|

i

|

|

i

i !
ae
\M_{ [ QV.8

- ,/Q(_\g,u\%» :

|
L
|
1
l
|

"

|

|

NN
L UERA
Dy
W

l

|
==

i

|

|

\

I
1
T
I

\

|

Q]
S
ﬁc

|

|

é

|
T
—
|
|
N
AW
-
T
®

.82

ANS o MBa (A
&
|
S

\/uvo“\
|
—

|

|

|

l

|

|

| |
N
e
|

|
—

N
C
LY

[~ i
<D
I
L

1

0.2k

i

- ‘ RAREAR R
]| W 2 R EEEREEEEEEREE R e Tt I
S SHT—1- %K B |

K —
xi?:‘,
\R\

1
i

2Uo.%2

|
|
i

I
9]
e

AR IS

I Wb
| i i
}
HeN
I

=
|
I
|
|
1
|
I
|
\
|
|
1
l
|
\
t
|
|
l
]
|
|

T
i
\
I
By

|
LA
|
-
=4
LedoNah

PR

|
\
|
[
|
\
|

1
L

]
|

i

l

QAN

Tad

. : |

OV RUN SRSNUNS SURIURS o
T :
I




= ﬁwﬁwh I A

[ — | % ; 1 ‘ | ? ; % |

~A—~—g-$—é'uM«Q—‘\:LD—u»~—~’D-§Y %\)&L b@a\ﬁ*}g&w ‘FLO Q—Q-‘C—‘&"\:Q—ﬂr7 \ [
| o Abig ) an LLRLD \\MEBW Q,Q—\Q&QULL&A e

T m{___{@ A28 - CQ ‘ {@ WeE (=4 u@SL}\

i Vow  rel=d kol
B ke

-

¥

A=

@E

»_‘_ﬂ_,__,__“___- | /? L\ E\L&i\ J“_‘_'__(_) ggqx \ Q k_(D—z ’“m_“__b_ﬁ(l.,i.
i c\;ﬁl\b SRl

W_D& *ﬁ%&&#_ﬁ_ﬂﬂﬂu He
(= *ﬁ oc. > B

: _»_\(\ Q@ M g @.“*73 ,_,__W\/\ 200 Q\ \/\\\Q_(Y~Q~—-HO C>4

W Y W A s £ O

L (— *‘“\ =2 Cony g%\~L\$'3 \_'_*_ 6 %“g_\\‘\*m_*_ LB\O _L,_._\,QS-E_LA{ \C.ua)\

Whgm{@ Mefc ok Aug> ¥ L&Q./ug

S V. F o Lo e TN




I
!
!

Y

1

et i e

AN

1
1

Lol

|

o

@ \2o2

|

i

=

Q

I

1
1
A
|
i

1

\

LM&JQA;

!
|
I

1

.
|

4
|

?k

|
|

Eﬁi@

"

o
S
f.wmli

O+

!

fﬁﬁ

N

<

e
|
2
LJ\LT \1

I

|

pow

|
i

pat

|
|

‘L\sl

e

1{51

J

o
ph?};

;i%%&

|
|

)

i
-2

W\N

J@D

!

|

X

|

l

t

I
! |
formo—b

;4%

|

\LiﬁSLL

i
|
1

i
|

S R
CLLSS < 23

!

|

|

<

! i | ‘
Lo 6 L
Ganl gyl

9

=

i
|

_uLg__#

2,

!
|
1 I

e
oo
Lol =
| 1

|

EN

!
1

T

i
|
i

A

l \
|

!

&‘i‘
s

|

}
1

|

)

{

R M S0

TR
*%ﬂﬁfz“;
| L

|
\

%
|

i

Q.

1




1
; i i
; . i ! .
_____.Aa,_..‘»_‘\»_. e
3 | i

|

|

|

|

|

|

|

|

[

|

|

]

|
s
Lo 1
[ S
USRS NN S
ig!;‘i

|

|

|

|

|

|

|

|

| |

o

I
N

|

l

|
|
|
|
1
|
i
|
|
|
I

1
|
|
|
|
|
¥
|
I
\
|
|
|

L
RO N
i |
o
r

~
.

)

|

|

LS B

| :

i ‘
Es

\

Lo
[
|
L
|
\
)
|
[
i
x
|
L
T
l!
|
1%
)
T
|
|
—
N
I
l
L
b
L
tx
0§ precl
e E—
|
A0 L
72@$

.S
R

|
k
|
N
u
2

o)

b
{
j 9%

!
i
e

JAECIN

N

|
|

!

i
[

i

L

!
|

|
T N
5o et
! i L. o

|
a
|

.

o

I T

i !

A |
N A A

;

1

|
Qo
\ (

.

b

—
Q=

O (o

l
X

\

|

T
1

!

1

1

|

b
Lele
S ‘
. i i i
!
i |
=042
|
i 1
Z\_i
\
-
|
L
N
AN

EQ_DWW;;L b

o

@

T
1

Cpa

1
|

|

I

; )‘\"*“—T\/L

. 7
=\
! |
-K_F—%VQ—\
S
T
o
\/‘Y—M'“—l’r\‘\/‘
oo

P
e VAR
L
|
|

\
l
i
!

T

| !
o]

|

|

|

|
LY
|

| =

|
VAN
}
& SN
|
|
|
N
‘ -
|
‘ !
]

I
: . |

i :

l |

H t

; LA

[

: |
- ;
]
1
I




|

|
uu;x‘:kﬂ\(

|

|

|

A
o

YR

|
|

|
1
(AMN;A\
|
|
|
l
T
ECAIREYV
]
|
I
|
|
l
|
i
1
i
5{
QIL o

|

|
|

(Lo |

!
i

N
[

-

— T ec!

P

1

Voo,
i

—

o
! ! ! i
|
| |

Soa
|

|

I

AQAQ

PN

|
\

N PRty

[e]

e

IS

|

|
!

e e

\
|

LSS

H i i H i
: i i ]
: :
+ T
: - : : 1
i H | 3
b H H i |
i i
; i : :
i : i :
; I
; ;
} . !
; Lo |
| ; ! !
T . R
i : : ! .
; ; i :
i : i : |
; E : : : i
i

‘\.é?q = L{

228 4

|

1

L
1
}

2.5

[

\

E\bk,@%

L

“+
L
L\

295 a0 /U

4

|
|

-

i

S

|

=140

|

\

i
|

\

o

AN

3.

I

LU e s Ak

=

SR

i

205 U, = 20

UTLShe

A
7

e

QAL

.

T

N Ao LY e D SET

% 0720

:

e e

0 LSS w0 4

D e :
e

7,&.
/n\\

~ )

.

NS
D

v

e
=i

o

AT L,

(a

2
[
S
-
VSRR SR

o

A

e

QD

ve.

ol

l_b..,L,Q_._MA%W___M*_M e
fnd D_Q-‘\ : \3 L oa ) ;Q_L»t____&.w__uw»__w,

Qs "_-bl__l—_@

235 (

I
T
~

)

o NTsL

P

-

AN

ML 5L =
[P o £

300

o Mo

~—

7320




@i | |
A AT
T

RN BN
HENEIRE
IR B A

1

‘Tl(
§
; V.cu-: (SN \
} i

!
[ —
|
|
L2
A
|
¥
CO .
|
1
b, !
RS
2 M COW

L
B
B
1

-
L

|
N
R
N
R l
0. 15
T

i \al.
m“_,wll\

!
=
]
sy
o
!
e
R
cg.%go
1 ‘; :
L Db
T
x ‘lg
| <




a2
\o®

\

ol

1

oLk

—

1
|
t

@
il
T
N
|
|
R
|
|
ng;,_____

|
|
T
|
—

°n

0Q

0.0k

|
&
I

"
|
o
‘\
s I N4

m_ U#3;~~-* :

x
\
I

@ a2l L

l
L
(2o
[

l

|

|

=1

|

|

\

{

|

|

|

\

c.
if&_:__ \

|

N
T T T
Lo LA AR

Q

Lo
1 |
i .
L
R
YN
|
L,{%LC
|
1
Y onm_Q _110_;‘ .;:1 1 es (Cuak) 1 i
& e
R
ML :Mﬁ\:\q :I_Lﬂ_&:g_ S OO AU IS SO AV
o 0O\

-2

o

|

C

\
L
h = o

|

AN

o Mg w20 St

i
!
|

(O}

i
|

pramy

0

ST
L

,

AT

|

R

|
y;lg
V%Ma
5O

|

2
SN

[
Q=

i

|
Dracg

‘ \

{
SEL oy
1\/‘%_%

e

|

AN

(!

|
Lo
|
Ao
O
|
PN VU

v
i
ot

|
1
1

L

1-\—; :
JTO

e—d—

6. 8K

Al e

Qmm@— !

>xAQT

O

| R SR <

oV V=IOV NG W I

=T

Vs

i
P
o
“F
|
|
|
1
|
\
|
|
|
1
|
|
|
|

—
v .

0 b3 o DT

_?3”_“;
0. 63 L 0. 008 a0

1
|

[SR VU ._Q'L‘-M.{,-W~MQ
‘ .ww*mm_cwss_, M Coakers

SN

|

e
b
|

|
|
1
1
. |
]

|

|

1

|

1

i

1

|

\

|

|

|

|

|

R > T~ U N ,Q,_._X~Q_ZQ_‘M‘_ - ko&gd@i,% ‘

\

U s\
|

r'*\ QD
1
|
! |
! i
|
1 l
‘ 1
|
i 1
| |
|
i 1
|
|
‘
|
|

' | ol :
T R |
S o&mW\K;.&%ﬁ_DJr_‘DA%@A“k\




]

|

l

l
WR

) ] [ (U T N U [ S [ S S o RS |
e i e ﬂ
[ I I O D S S N 9 n 1 d A A T L

"
|
|

|
)
|

a
5
|

EEES

l

|

l

1

|
X
n=
\
l
TE
R
N
J
i S
1
L
|+
‘t
|
2
l
|
|

[
o
|
C
|
T e
|
x_ C
\
|
WA
| vle lxe
| T
|
\
|
+'§‘ji}>
||
L
I
o
|
m
B
|

i |
]
|
Lo
B
R
|
s
i
]‘151
[
\

\
Ly 'Q
Do
ol
]
B
L
|
|
il
L

1A
.?’\—f

]

»

\

|

|

1

|
|
|
|
BT
|
I
|
u
|
|
o]

|

i

i
=

|

|




H ~
i —

1

|

i

i

1

!

i

G
1
|
|
3
|
l
|
1
|
|
LD
-

R

'%7 boo
AL D

|
]
|

D

1; I
-
\
SREAT
o
L o162 \We
|
]
QQL\
\
|
|
I
|
|
|
1

LA
S
|

b

=
Ry
T
3
|

Qo

|
Cluchad wd

S
LOLokina—s
Yo
RN

i
L
\
L
=
|
\

R ONE

T
1

=

~
i
i

L
(ﬁ ?"\19‘ o ~iO\\ \
(@)
AR oy 4

_\J_\i
|
f |
i |
| \/(
g‘
1
T
oYa) 4

:
|
!

Qunl

:J

i

!

A

5
.%\J%
L]
y

e
=hUg

D

Aol HS [ LCL!.AEJ_ L= TR

|

i

1

|
AUl

|

|

oo ST

o Y\T‘“‘
. T

VAEN
\”Ey
b

sl d
Y

(U,_Mg%}\«\
P lQ_D;Lm
A e

(.w~k§\,k~3¥):§_»~ M:\Pm

’\—}Jﬂrz——: ¢
|
= Lo
|

= DSl
1oL R

Ao

P
Loy
=
™ L kf":_._ca_ms_%,,?\t% -
e

S04
gy
{
R
SN

S ol ha
{
2
o

ras
P N S s T
DR Wl wilt

o
-
s SN 2

D ahoba ] ol
‘
|
o
iI
I

p

s

I
|
\‘}F.;
'Y

T
—
I
|

1
1




\

L
o
L

|

S

\

|

|

|
;

O:

g

A
o~

|
|
|

l
!
|

B -

1 |

2717
| i
|

i
WY

|
\,E‘ |
L
L
Ll
PR

W

s
A X.e%_fm;u_
|

RN
-
\
-
1
T
\

al
|
|

|
1

el
|
1
N
A
|

] : !
(3:)__&_&3;_1 ‘,E'{' . : X

e
7 i
j i

; } i
. IR

]

\

\
SHEN

QAL
a
l !
S
|

|

|

L
|
nn

|

|

|

A

[

B

5

f

5,

A

-~

L bos

S

I

l

i

L

3

T

| I
-

27723

L

“L_‘—“" |
|

, ¢ 0 . T
, AR 1 | ,.t/tA |
- [ TS U0 TN = NS SRS S S RS I
REaLE S
0 S D @ [N JES AR S PO DU M 1 e IW.\ R L ,
ST N BN
o Rt Sy R Y A R |— \L DR T I R
i My SO B R | ,

1 -
T
b

|
é

'&'M\L/ *\7\0 ;
. I
i ; i -
_
|

|
|
°
B

[
..\./\t—
ZEN

?. ._LC_
a
A
|

=
o
WS
: I
%%

Do
A2
Lo
L Lheo]
T
|
l
A
«
1O oLk

(%0
|

SihEan
\Q

[ SRS IV VIS SN S S
|
1

AR
Q\_k\l;:)

: i
i i
. : i
. f ; i
s A2
| i I i
: : |
1 :

[‘ -
L

\\

|
e
‘Fj—i
i
| T
s
| \
C;:JTA_QL)\\\
BN
e

1
\
. |
;‘ * .v\lgj_s N QA
L
|

1
'

|
1 i
I H ;
i
St e

i N —la
! i




|
|

T
1

|

—-¥-—:\j

LN
|
|
|
$
|
|
|
|
|
\
|
|
|
1
|

i
i
i
;

4

[

| i
i H
» S
! i
A
1

2

e 2 Y L\

}
a-gw.g’}q
T ‘
; & A |

O/\%:‘

|

MY

oh R

L2.S S = \5 %




EERSEREEASE e
T B e R I I T o
- i
= B =0 T B O S
S T N DU N DU N \lr,,L_ml o %«H W‘ML#\
- u.xlyl Ty \ﬂra,_: M |
R R RERNE TR
TR T T T NS NS 1 N B, B S HEREIEEE
o Ll \xkil T B \M im_\,: H
T 1 %w S
1 ]

AT MM. ERRAREE
lwm o INdMNES

a4 H0F ) L _/ | mmT

B J R Al
d b

| I——

|

;&»_g_,

|
|

N

Bl
o
YN -

.
\

RN
1

ol

f
l
! P
':L
i :
|
i
i
' ¢

T

\f\.
i

%

|
|




\
\
\

|
|

|

|

|

|

|

|

|

|

|

W
N T s
_\J; T

|
i

)
l N
|
1
|-
5
i
|
|
I
|
|
|
.
\
|
|
|
1

|
L
|

|
|
|
|
|
|
|
|
|
|
1
|
|
1
\
|
\
|
|
|
|
B

\

[ 1 (T N o S o S
AEnEEEEEREREE RN
[ 0 T 1 T B S S S S B e oy s
T .2\111\1111%1-111 EH BEE

|
N
(W o

I
t
1
i

|
|
\

|
|
|
|
\
&:ﬁ
\
g‘\s\i‘
|
| |
7 ﬁ$:
ey
a0
R
l |
C\\‘\?r
|
b
.
Lo
r O
E j
L
\QK\LQL@;&
N
L
1
=S
l

l
|
|
|
X3
l
| .
-
\
1
|
i
N
T
|
|
l

|
!
|
|
|
|
-
i

|
|
|
-
|
]
2
o

1
B =
\Aﬁ’
[
&
|
|
\
)
[

i
|
|
1
|
|

M
ARV
o\
9]
|
|

b

m@
1
|

e ——
[

-5 b A

4

{
<¥
\
cal Qe MQLD, DD
' 4%
- : Ao
SIS 0 L__as
NE

B Lo
e Qe

i
[
|
e
i i !
H | ]
- | :
o
i |
e
!




100

100




i
|
|
i
|
I
|
|
j
“5¢
|
i
\
[
|
|
|
\
|
|
olase
|
\
\
|
|
Aol
uslov‘ver]
|

DR UV

I
i
t

e

o
10 us—
| i
:

]
|
\
| |
.

i
6. X
|
__‘l_-:___»_

|

}
1
i
|
|
1
|
|
|
1
T
N
b
|
SC
1
o) = \NA
|
|
1
|
1
|
\_\r\’
|
|
|
1

-»—»O.

. |
1 i
e e e
i

%L.,é%_‘&%*_n&fe,@

i
|
I
) T
U< )‘_M.__._,___ 1
1

i

|

|
i :
e M‘%‘
. i )

—

|

. \ :
e JM._THMM_J*A“ﬁ
, 1 ; ,
; ; ‘ Ll
1




2wt ]\

N

1

|
|

I

!

L DR

(

\
u

i

\
S
1

. H : ‘\Q_‘,g__: \ ! !

T
3

e =)

i
L/
i

T
BRERSS

R

14

N\
‘J\/\.Q\.D\L.\ i ,71 Q‘:

T oot
L7

IO% \w

e

\_/_“V\/\O\

-

|
|

(RSP

e e L BUAY

— e e
0

ool

@&%% Nrortd 0 Y Co. M@f‘.‘?.i NI Yol ;-j@_.,&gf %L.Q\Q 7\/_\}%_*_%_% »H w“_ — mﬂ_*w_w M_:_“__m — _ .

i

AR

= U

h\;tg\&,__._‘..wm

-




Lk
;
B
\
Y

—
R
@

1
1
|

F R

i

4
|
|
1
|
|
e
U
\ i
o
Vb
\lg,\,o\,L
i
B
\
l
|

|
|

l
|
|
|
|
|
1
1
l
|
N
|
2
|
|
L
o 2% Leos
N
i
1
e
|
ol

b
1

!
|
i
i

|
N |

FES E NS
|

,h,,;_ﬁ__%___‘.lLu_,

|
L
o
EEE
SR
2.

BRE

|

|

|

|

;a

|

\

|

i
|

|

|

|

T

]

|

T
EURS!

i !

O

|

I

\

|

|

x

: .i{
-
|
L
,’\2
“*_:2

|
e »m_ﬂ_t#_A___M

i

|

|

l

|

|

|

|

|

|

|

|

|
a{}-
éiSQ Dl

L

1

|
! i
i
i
1
|
1
W ok
|
N
!
I
‘E_%;l
|
l
iLfl
E
L
|
l
\JF_*
|

i

B
]
|

i

\

\

|

Q.

|
]
|
i
|
|
L Qe

I
|
&'\
e
l
|
1
e
\
|
%
g
oo
L
{
|
|
I\
|
L

St
e e

I
i
|
7
!
l

L
\ ]
|
i
f [
|
Pl
L
o
T
o
B I
i
; ! \\ !
| gugegianda
Q_‘LJ
L
|
o
1
‘ T
| |
|
|
1 |
\ I
i | i
D_igmm
|
e

2

_S_o,uﬁﬁ-ﬁ

3

|

b

X

1

i

|
—!

I
~
|
|

-

1
|
|
é
o
j
|
|
i
i
1
fod i
R
|
[
|

1 - !
: i i .
' i H "
i
}
I
i
T
i
|
e

(e
|

\
| |
Lo
i
1 | ‘1
R
le:-{
; | :
g 1 ; l‘ 1
l ;
(AR
E 1
|
O
\‘ ‘
b
\ |
Ly
|
|
0
N
|
|
|
|
i
ok \\
[
|
|




i)

Co ‘ o, ‘ 5 . -
MQ@Q&DC“ Q—/\/\Q_(\ \\k)c—) M—*‘?M)\Q& Qo(‘ \J\A«Q\.k& \?M&gk&&
S*QQ\_M .
A (,)_\g , '?%S
W . « 1ax7 ((1ev+20 s 2) TN _\‘S
| 23S - | PEWN
W - k L\Q\. \\MMO\
LS 46,0 S % s 2% L e
e (R, 02 W o
O o

iw = g?:é% D\gg :5\~L{

é NI N &
i Y Q. N DN Q. ( P! o
Lo AN oaC J‘_& [ g,\\

< W= TTRND e




ﬁq@ IR I I /AN T o e A LS I A L Al o ‘
S e 1 m\ i Rt I 0 A O O
O T i S et s , W o _,.o“bm‘»;l_
[ T T T I A S R et ALY B e A i A s i | e QR S w
InnE BN d -1 1% N7 | * |
SR T e R B S 2 O 30
T I B I RRE N
N T T I B I e 1 - w ﬂ\w w ’ “
R R Rt A A N 1 +- i o\h NN
2 [t A A L A O b . S
|
v |
&
R
1

| '\?\

.
R

,,_LZ_\/L -
1 i

|
|

~S

i

1

IR Vo

‘

|

L

|

.
TQSQ_LQL
.
T |
Lo
L
K e
NN
Q%\L\LC}LQL‘._

G

LoD S

|
T

7
13 1 EEaRariEn

S
e S

‘ |
T |

]
S

i

i

l
l
|

w
|
Y

l

i L5'7 ‘

ERASH

\Q%-}{

e

- »_.____.._.___y_‘._.._‘l__y

R

A—,XE_&%W4.~:‘;39-._11@:13433.%

1

I
: 1 P
: R P
e e e e T e
' i t : .
i i v
: i
1 | '

i
|

L ke i

—
L

Lo

e
i '

o AM_J Vosolg | DR bl

T

Z.

s

AT

“r TwE
-+

'

S

i
|

— m.‘_.w:‘.__ [ S U E U m___%_ﬁ. SR 4,,*;»._,;2:,9_, %




REFERENCES:

1- Rizvi, S.S.H. and Heldeman, R.A., Vapor-Liquid Equilibria in Ammonia-Water
System, J. Chem. Eng. Data, 32, 183 (1987).

2- Perry’s Chemical Engineers’ Handbook, 6th Edition.
3- Clifford, I.L. and Hunter, E., The System Ammonia-Water at Temperatures up to

150°C, and at Pressures up to Twenty Atmospheres, J. Phys. Chem., 37, 101
(1933).

A6




bl

\

R I - T | o2 EEa Jm\
& . - ~ JE R S 0 TR P . Uﬂ:[ wf m - ,..\O, VW Q.),,] %_Q M . \xﬂtm
/.Q - ST EN RS S RIS vw - - \_.1! J_vl. i [N TR SDR \AG‘M\Q<[ SO S M.N SN NSO IS .lM#
| > P s

i '
H .
1 . i
: ]
IS - L B
i .
=
i

|
!
|
{
|
f
i

)
BYSARN
j
1
!

!
1

| [

]
i
i

g by
Xl
2
|
1 &%_

|
1
I
hY

A VA
ARRAS

AR
A
SIS
L ;
{
1
U
S
[}
A

1,

1
4

\l

|
5
| ! ;
HESS
i
|
2SR
|
|
2 %{&L
1
T

(@S
STORRY
-
1
|
/o
|

! \M

i
l._l\—.
l
|
|
{
|
|
s
i

i
|
|

B
i
¢
1
}
!
0

i
AN

-
i
|

A
et
i

f
|

~ :

LBSI_ A\
i 1 '
o
\

\
B!
i

2

|
LD % \ 94
AR
onR sl
7 I
i i
o
<0
|
|

HV%T—B
SV} ,CLL_QCW_:- g
|
1
r ”g‘r\TST
|
2

L O

Ao £..20

=
[N VRIS S Y

i

~\ao’ O D9 Qe N 7_0 A—%—N

| 1 1
R

\
=
|
i
|
|
SN S
i
i
1
O]
i i .
' ]

1
I
B
[
L
|
|
! 1 B
N
: H :
]
/7
|
\
|
1
i
|
1

| _

j SO U B (N = N TR 5 TR DR O S e e g

O T T T U O ,_ R N ot
JRENG

AN

|
i

| i
oo
.
TR S
; : i
zugg,k%n
| | S
I
S
o
Lo
e

o
LAY
b
o
ag

Yy

|

\:(3 | : » !
L
|

|
|
i

4

|
|
T
o
EERWANY
|

|
]
1
|
i
b
|
|

i
—
EENy
A
NRNVES,
QoA

Q
—
S
<
{
he]

o
L

ER W W
T . Q

e
IR W wad

iy

2

i

1
: 7S50 et

i

|

]

LIAN

1

?

I

=0

=

]

|

(5o
N
!
A
!
2
!
|

I i

1

i
BN
e
;
1
i
i
T
dald i >
H i !
l
1
1
|
1
1
I
s

|
JA.‘?{
EM _
i
D ‘
1
( SO R\

i I :
T
\
1

Q;O_Q.C) Q,QC A

i
i
|
'
4
A
i
!
+
1
1
i

T
=
|

0: RS

iy

t
S \‘f\ : :
o LIS O N

s T

—
&

]
e

1

D
]
|

- ,\;“—.{,R “V .

i
i

-

PN ST S )mél.]al"\ﬁ\} AN I

_\‘___‘.‘.

1
.
'.
i
A
S
|
:
|
|
DA
|
|
1
|
-
EASE
i i
AKX
4 “_1[“‘*‘
| i
! |
O_Q‘
l i
i
i 1
SR S
Ll oa
‘ |
i
-
b “__LT\)

1
1
i
i
i
|
i
!

L

|

|

1
-
i

i
T
1
i
]
|
|
i
1

1
1
|

_ WML

i
e e T
' i i
'

i
|
ot
W |
|
|
|
!
1
i
t
f

e e e e

i
}
|
1
1
! i
SUSSURRUOE SV PO
; i
i
i
i
l
|
1
|
i
1
T
1
!
1
1

i
!__.
i
i
i
1
i
|
]

-
1
i
_— MI__A..M.;... BT
|
i
SO SR POV

i
|
1
|
|
i

RN
! t
1
i
|
i




g a0 IS

O_._\\H)\,SN-/WALBNQJHQT;MQJ_%&QR_“Y»PLOMOK,\ 0 %S\ ISy OD:\CR

- B R

i - 0. 712 .
344@ang<qu i t -
‘ : | L

| §3‘T-QQ%2§5%5§

S BN S Sl =YW

f%wE A e ‘béfr;*m\) - - »
e "/x [N X’Lg L&M_&& R \,g‘t vl -
| %I@.%&J\A...X._~Q_L_©&. L b - O &3&&_2_ ._.%Ju\ / \_xr%;\g_w_»____%_“
. =0 = ? %&a_%%wwgﬂ\ .

S-SR, WV G- Jao o faxed \({:qm_mﬁ . O =l \21 %M_,ngﬂ%

§

M_"/_gﬁk),ﬁ%_g“mg&t\ v &_LS’LM O;J)AA_VJ R? / Q. LQ

1 ; 1
[ i

— - ;z~iwtmqbw




Solid Blank mi 0.0500
Liquid Blank ml 0.0500
Acid Normality 0.0637
Constant 1.4000
Sample Sample ml of titrant % N Total N (g} g N/g dry -
TREATMIENT ID wt (g) used in sample sample
70 oC; 2:1 NH3; 50% H20 (60min} After 4 baths TA after 0.1476 0.2000 0.0764 0.000113 0.002014
70 oC; 2:1 NH3; 50% H20 (60min) After 4 baths 7B after 0.1476 0.2000 0.0764 0.000113 0.002014
Untreated UA 0.0514 0.1000 0.0731 0.000038 0.000752
Untreated UB 0.0514 0.1000 0.0731 0.000038 0.000752
Total recovered liquid LTA 2.0000 2.6000 0.0959 0.001917
Tota! recovered liquid LTB 2.0000 2.4500 0.0902 0.001804
a-Cellulose blank BaC 0.00562 0.0500 N
Distilled water blank BdwW 2.0000 0.0500
70 oC; 2:1 NH3; 50% H20 (60min) Before baths  TA before 0.1476 2.44 1.2173 0.001797
70 oC; 2:1 NH3; 50% H20 {60min) Before baths TB before 0.1476 2.65 1.3243 0.001955
Recovered liquid (Bath #1) L1A 2.0000 9.656 0.3609 0.007217
Recovered liquid {Bath #1) L1B 2.0000 9.6 0.3590 0.007180
Recovered liquid (Bath #2) L2A 2.0000 0.12 0.0026 0.000053
Recovered liquid (Bath #2) L 2B 2.0000 0.14 0.0034 0.000068
Recovered liquid (Bath #3) L3A 2.0000 0.056 0.0000 0.000000
Recovered liquid {Bath #3) L.3B 2.0000 0.05 0.0000 0.000000
Recovered liquid {Bath #4} L4A 2.0000 0.05 0.0000 0.000000
Recovered liquid (Bath #4) L4B 2.0000 0.05 0.0000 0.000000
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Liquid Blank mi 0.0500
Cold Baths ammania recovery Acid Normality 0.05637
Constant 1.4000
Sample Sample ml of titrant % N Total N (g) g N/g dry
TREATMENT D wt (g) used in sample sample
Jowa 700C ; 2:1 60 MIN LA1 3.0000 12.9000 0.3220 Y- 0.009661Y . 0.172511
Jowa 600C ; 1:1 556 MIN LB1 3.0000 1.8200 0.0444 0.001331 0.023762
Jowa 700C ; 2:1 60 MIN LA2 3.0000 0.3700 0.0080 V/ 0.000241v 0.004812
Jowa 600C ; 1:1 55 MIN LB2 3.0000 0.1000 0.0013 0.000038 0.000752
Jowa 700C ; 2:1 60 MIN LA3 3.0000 0.1000 0.0013V 0.000038v "
Jowa 600C ; 1:1 55 MIN LB3 3.0000 0.1000 0.0013 0.000038
fowa 700C ; 2:1 60 MIN LAT 3.0000 4.2000 0.1040 0.003120
jowa 600C ; 1:1 55 MIN LBT 3.0000 0.5800 0.0133 0.000398
Distilled water blank Blank 3.0000 0.0500
CTeec Bk, cospluad da dbe P 5. °8
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Solid Blank m/ 0.1000

Liquid Blank mi 0.0500

Acid Normality 0.0514

Constant 1.4000

Sample Sample ml of titrant % N Total N {g) g N/g dry

TREATMENT ID wt (g) used in sample sample
K0 oC; 1:1 NH3; 50% H20 (55min) 71 0.1476 0.3000 0.0975 0.000144 0.002878
50 oC; 1:1 NH3; 50% H20 (55min} 72 0.1476 0.2000 0.0488 0.000072 0.001439
Untreated ut 0.0514 0.1500 0.0700 0.000036 0.000720
Untreated u2 0.0514 0.1000 0.0000 0.000000 0.000000
Recovered liquid L1 2.0000 2.9500 0.1043 0.002087
Recovered liquid L2 ~ 2.0000 3.0000 0.1061 0.002123
h-Cellulose blank B1 0.0052 0.1000
Distilled water blank B2 2.0000 0.0500




Appendix C




Glucose (mg/dl)

SSF Set#1 Sub-sample A

400 —+

24 48 72 9% 120 144 168

tfime (hrs)

C - Page 1

—m
—0—300C; 1:1 NH3; DRY

—8—-30 0C; 3:1 NH3; 0.5kg H20 /kg Poplar
—— %0 0C; 1:1 NH3; DRY

——900C; 3:1 NH3; 0.5kg H20 /kg Poplar
~X%X—300C; 1.5:1 NH3; DRY

—e— Untreated

—— g-Cellulose blank
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